T
here is overwhelming evidence that the use of natriuretic peptide levels, either brain natriuretic peptide (BNP) or the amino-terminal fragment N-terminal pro-BNP (NT-pro-BNP), provides clinically important information for the diagnosis, prognosis, and management of heart failure (HF). 1 These neurohormones are predominantly secreted from the left and the right cardiac ventricle in response to volume and pressure overload. BNP derives from the
For editorial comment see page 656
precursor pre-pro-BNP, which contains 134 amino acids and includes a signal peptide of 26 amino acids. Pro-BNP, produced by cleavage of the signal pep-tide, is further split into BNP (32 amino acids), which is the biologically active hormone, and an inactive NT-pro-BNP (76 amino acids). 2 Several studies 3 have demonstrated that NT-pro-BNP levels are elevated in the pleural fluid and serum of patients who have HF and a pleural effusion, and this test has been noted to be very accurate for discriminating cardiac effusions from noncardiac effusions. However, BNP, which is measured in many hospital laboratories, has not been evaluated in pleural fluid for its accuracy in diagnosing effusions due to HF.
ST2 is an interleukin (IL)-1 receptor family member whose ligand appears to be IL-33. 4 The ST2/ IL-33 signaling is thought to play an important role in the myocardial response to biomechanical overload in stretched myocytes, in a manner similar to natriuretic peptides. The serum levels of the soluble ST2 protein have been found to correlate with the severity of HF. 5 Nevertheless, no information is currently available on the diagnostic value of pleural fluid concentrations of ST2.
Our goal was to investigate whether pleural fluid NT-pro-BNP, BNP, and ST2 have similar operating characteristics for the diagnosis of HF in patients presenting with pleural effusion. We hypothesized that BNP and NT-pro-BNP would have strong correlation and, therefore, nearly identical performances for identifying cardiac effusions. Additionally, we put forward the hypothesis that soluble ST2 levels might be increased in the pleural fluid of patients with HF.
Materials and Methods
We performed a retrospective analysis of patients with pleural effusion from a prospectively maintained database. To do so, we selected 86 consecutive patients from a previous prospective study 6 (50 patients with HF and 36 patients with noncardiac effusions), adding 95 newer patients (40 patients with HF and 55 patients with noncardiac effusions) who had been entered into our computerized database from the periods 2001 to 2004 and 2007 to 2008. In this latter group, the selected patients with HF were consecutive, whereas we performed a stratified choice of noncardiac effusions in order to ensure a proportionate number of patients among the different etiologies, and a comparable sample size between cardiac and noncardiac groups as well. We recorded demographic, clinical, and analytical (pleural fluid and serum) information from all patients who comprised the study population. During the initial evaluations, a 5-mL sample of pleural fluid was collected in a separate tube containing ethylenediaminetetraacetic acid, which was centrifuged at 4°C; subsequently, the supernatant was frozen at Ϫ80°C until the natriuretic peptide and ST2 assays were performed. Our institutional ethics committee approved the study protocol, and all participants gave written informed consent.
Diagnostic Criteria for Pleural Effusions
The clinical diagnosis of HF was based on the Framingham criteria, 7 along with the echocardiographic findings and response to conventional drug treatment. Hepatic hydrothorax was defined as a pleural effusion in a cirrhotic patient without an underlying cardiac or pulmonary disease. Parapneumonic effusions were those associated with pneumonia. Tuberculous pleurisy was diagnosed based on the presence of either positive staining findings or a culture of Mycobacterium tuberculosis grown in pleural fluid, sputum, or pleural biopsy specimen, or the presence of typical caseating granulomas on the pleural biopsy specimen. A pleural effusion was categorized as malignant if malignant cells were detected on the cytologic examination of the pleural fluid or biopsy specimens. A diagnosis of pulmonary embolism required a positive finding of the spiral CT scan of the chest in the proper clinical setting. Miscellaneous causes of pleural effusion were determined by well-established clinical criteria. The criteria of Light were used to differentiate transudates from exudates. 8 
Biomarker Assays
Laboratory personnel blinded to clinical information performed all commercially available biomarker assays on the stored specimens from the pleural fluid bank. NT-pro-BNP was measured by a monoclonal electrochemiluminescence (ECLIA) immunoassay (Elecsys proBNP II; Roche Diagnostics; Mannheim, Germany) on an analyzer (MODULAR ANALYTICS EVO, E170 module; Roche). The method for testing BNP was a fully automated two-site sandwich immunoassay that makes use of direct chemiluminescent technology (Advia Centaur BNP; Siemens Healthcare Diagnostics; Deerfield, IL). Finally, a sandwich enzyme-linked immunosorbent assay (MBL Medical & Biological Laboratories; Naka-ku Nagoya, Japan) measured the soluble human ST2 protein concentration.
Statistical Analysis
The demographics and laboratory variables were expressed as the medians and interquartile range (IQR). Between-group comparisons of qualitative and quantitative variables were performed with the Fisher exact test and Mann-Whitney U test, respectively. The discriminative properties of each biomarker were evaluated using receiver operating characteristic (ROC) curve analysis. For each ROC curve, a cutoff point was determined as the value of the biomarker that maximized the sum of the sensitivity and specificity for diagnosing HF. Pairwise comparisons of the area under the curve (AUC) were conducted, following the procedure of Hanley and McNeil. 9 The 95% confidence intervals (CIs) for the AUC were computed by applying the Bamber-Hanley-McNeil-Wilcoxon-Mann-Whitney nonparametric method; we used the binomial exact CI for sensitivity, specificity, and log-transformed likelihood ratio (LR) data. The linear correlation between the base 10 logarithm of BNP, NT-pro-BNP, and ST2 was evaluated by the Pearson correlation coefficient. A logistic regression analysis was done to determine the relative contribution of gender, age, and serum creatinine level to the identification of HF in a model that already included the natriuretic peptide concentrations. The statistical significance level was set at 0.05 (two tailed). All analyses were conducted using R software (http://www.r-project.org/), a language and environment for statistical computing. 10 
Results

Patients' Characteristics and Distribution of Biomarker Concentrations in Pleural Effusions
We analyzed pleural fluid samples from 90 patients with HF and 91 patients with noncardiac effusions, including 10 hepatic hydrothoraces, 40 malignant effusions, 15 parapneumonic effusions, 11 tuberculous effusions, and 15 miscellaneous exudate effusions (pulmonary embolism, 12 patients; hemothorax, 1 patient; Dressler syndrome, 1 patient; and drug-induced pleural disease, 1 patient). Table 1 lists the characteristics of these two groups. As expected, the patients with HF were of advanced age and more often had acute pre-renal failure. The respective median concentrations of pleural NT-pro-BNP and BNP were significantly higher in patients judged to have HF (6, 203 and 182 pg/mL, respectively) than in those patients with noncardiac effusions (348 and 30 pg/mL, respectively; p Ͻ 0.001). The pleural fluid ST2 levels were also higher in the group with cardiac effusions, but the differences barely reached the level of statistical significance. Figure 1 represents the median values of the three biomarkers according to the specific etiologies.
Operating Characteristics of Pleural Fluid Biomarkers
The ROC analysis demonstrated an AUC of 0.96 (95% CI, 0.94 to 0.99) for pleural fluid NT-pro-BNP, with the following two candidates for the cutoff points: 1,300 and 1,500 pg/mL (Table 2) . Comparatively, NT-pro-BNP had a better AUC than BNP (0.90; 95% CI, 0.86 to 0.95; p ϭ 0.002) [Fig 2] . The optimal cutoff point for BNP concentration was set at 115 pg/mL, although a value of 75 pg/mL had almost identical accuracy (Table 2 ). Both natriuretic Fig 2] . Notably, the median ST2 levels were significantly higher in the 10 patients with hepatic hydrothorax (0.88 ng/mL; IQR, 0.58 to 1.01) than in the patients with other etiologies (0.24; IQR, 0.11 to 0.50; p Ͻ 0.001), yielding an AUC of 0.80 (95% CI, 0.65 to 0.95) for identifying cirrhosis-associated effusions.
Correlations Between Pleural Fluid Biomarkers
Simple linear regression between the log-transformed concentrations of NT-pro-BNP and BNP demonstrated a positive correlation (r ϭ 0.78; p Ͻ 0.001) [Fig 3] , but none of the natriuretic peptides had any linear relationship with ST2. It should be noted that even a coefficient of 0.78 means that only 60% of the variability in NT-pro-BNP can be explained by BNP concentration.
Contribution of Additional Covariates in the Identification of HF-Associated Effusions
When sex, age, and serum creatinine levels, in addition to pleural fluid NT-pro-BNP concentration, were entered into a logistic regression model, they made no significant contribution to the identification of HF-associated effusions. However, sex and age, but not creatinine level, were significant independent contributors to the diagnostic operating characteristics of BNP levels. Therefore, in a model that took these covariates into account, the best discriminatory cutoff values for pleural fluid BNP were as follows: (1) BNP, Ͼ 40 pg/mL for women Ͻ 75 years of age (sensitivity, 92.3%; specificity, 70%; AUC, 0.88); (2) BNP Ͼ 80 pg/mL for women Ͼ 75 years of age (sensitivity, 87.1%; specificity, 81.8%; AUC, 
Classification of Mislabeled Cardiac Effusions
Of the 20 cardiac effusions misclassified as exudates by the Light criteria, 18 (90%) and 16 (80%) had pleural NT-pro-BNP levels Ͼ 1,300 pg/mL and 1,500 pg/mL, respectively; whereas, 18 (90%) and 14 (70%) showed pleural BNP levels above the respective cutoff points of 75 and 115 pg/mL. In contrast, the serum-pleural fluid protein gradient would have correctly labeled only 10 of these effusions (50%). The albumin gradient truly identified 9 of the 12 incorrectly categorized cardiac effusions (75%) for which data were available. None of the false exudative cardiac effusions, as determined by both standard and NT-pro-BNP criteria, would have resulted in true transudates, as determined by either the albumin or protein gradients.
There were six men Ͼ 75 years of age with HF whose pleural fluid was categorized as exudate by standard criteria. All of them had pleural NT-pro-BNP concentrations Ͼ 1,500 pg/mL, and BNP concentrations Ͼ 115 pg/mL, but two patients would have remained falsely classified by the protein gradient.
Discussion
In this study, three quantitative markers of cardiac stress, 4 namely NT-pro-BNP, BNP, and ST2, were measured in pleural fluid, and their concentrations were found to be higher among patients with HF than among those with noncardiac effusions. This is the first report on the use of pleural fluid BNP and ST2 concentrations to determine the cardiac origin of a pleural effusion. On comparing the accuracy of all three tests, the levels of pleural fluid NT-pro-BNP revealed significantly better discriminating properties than those of BNP and ST2 in diagnosing HF. In fact, the latter had no role in the differential diagnosis of pleural effusion. However, additional research about the unexpectedly elevated pleural fluid concentrations of ST2 protein in hepatic hydrothoraces compared with those observed in the other etiologies is needed.
Clinical assessment aids in deciding which patients with pleural effusion most likely have HF, but this judgment has been proven to be inaccurate. In one study 11 of 64 patients with transudates, including 44 caused by HF, the initial clinical presumption failed to categorize the effusion correctly in approximately 40% of cases. The Light criteria 8 were better, but 25% of transudates were still mislabeled. Therefore, there is a need for a more accurate test to reduce the number of misclassified cardiac effusions for which further testing is required. Notably, NT-pro-BNP testing revealed 40% more false cardiac exudates than did the serum-to-pleural protein gradient.
The performance characteristics of natriuretic peptides in diagnosing the cardiac etiology of pleural effusions have been the subject of a few publications, 6, [12] [13] [14] [15] [16] [17] [18] which are tabulated in Table 3 . There is general agreement on the high discriminative value of pleural fluid or serum NT-pro-BNP levels, albeit with different threshold levels. Herein, we have confirmed the results of our two previous investiga- tions 6, 12 in that a pleural fluid NT-pro-BNP level Ͼ 1,500 pg/mL is almost diagnostic that the patient has HF. However, the adoption of 1,300 pg/mL as a cutoff value for NT-pro-BNP resulted in a better classification of the false cardiac exudates, without compromising the overall diagnostic accuracy. In the present study, we used a second-generation ECLIA, which substitutes two new monoclonal antibodies for polyclonal antibodies. The monoclonal ECLIA method has shown very similar analytical characteristics with slightly lower NT-pro-BNP results (on average, Ϫ2.5%) than the first-generation polyclonal ECLIA method 19 that was used in our previous series. 6, 12 As expected, we demonstrated a good correlation between NT-pro-BNP and BNP, where a high pleural fluid BNP level (Ͼ 115 pg/mL) also makes the diagnosis of HF extremely likely. Although NT-pro-BNP and BNP shared a clinically relevant diagnostic accuracy in HF patients, the first outperformed the latter according to the comparison of their AUC. The exception was the subgroup of men Ͼ 75 years of age, for whom both natriuretic peptides showed similar operating characteristics. Technically, BNP and NT-pro-BNP are both fully automated methods, but the latter is more stable in vitro than the former and, therefore, can be performed not only in ethylenediaminetetraacetic acid samples (as for BNP) but also in serum or heparinized samples. 1, 2 Taken together, our results advocate choosing NT-pro-BNP, based on its impressive test characteristics (AUC, 0.96), rather than BNP to substantiate the diagnosis of HF-associated effusions.
Natriuretic peptide levels may be influenced by several patient factors, including age, sex, renal function, thyroid function, anemia, and body habitus. 20, 21 We found that the cutoff concentrations of pleural fluid BNP depended on the age and gender of the population. Thus, the BNP threshold values should be lowered in women, particularly in those Ͻ 75 years old, in order to increase the sensitivity for predicting HF. Nevertheless, we could not confirm any major contribution of serum creatinine, a less than perfect measure of renal function, to natriuretic peptide levels.
Our study has several potential limitations. First, we limited our study population to patients with well-defined causes of pleural effusion, thus excluding those in whom a definitive diagnosis could not be established. This study design may somewhat overestimate the ROC curves, but it is the first step to prove the validity of a diagnostic test. Second, we did not evaluate natriuretic peptides in serum or plasma, although according to previous reports, we can assume they might be as accurate as in pleural fluid, at least concerning NT-pro-BNP measurements. 6, 15 Third, we ignore to what extent natriuretic peptide tests add diagnostic information to the physician's initial clinical impression. However, because the Light criteria proved to be better than the clinician's judgment in identifying transudates in one study, 11 and we have demonstrated the value of NT-pro-BNP to categorize the misclassified cardiac effusions correctly by the Light criteria, a plausible inference is that this test probably provides diagnostic utility beyond clinical data. Similarly, whether NT-pro-BNP testing in pleural fluid results in cost savings in the diagnosis of cardiac effusions is a matter of speculation, although cost effectiveness is the most likely if the NT-pro-BNP application is limited to those cases where the Light criteria are not contributory. Finally, we did not adjust natriuretic peptide concentrations for body mass index, glomerular filtration rate, hemoglobin, or the use of diuretics. It should be noted, however, that the confounding effects of the different clinical factors are less apparent in the setting of acute exacerbation of HF, 1 as in the present study.
In conclusion, unlike ST2, natriuretic peptides, and, more specifically, NT-pro-BNP are powerful and accurate biochemical markers for diagnosing HF-associated effusions. Nevertheless, until more data are available on how these markers should be integrated into clinical care, their routine use in patients with an obvious diagnosis of HF is not warranted. Rather, NT-pro-BNP measurements should be limited to cases in which the cause of the pleural effusion remains uncertain after the standard clinical assessment. More importantly, the use of the NT-pro-BNP levels may overcome the problem of misclassified cardiac effusions by the Light criteria substantially better than the recommended serumto-pleural fluid protein gradient.
